keeping with most other studies, although the recent report by Shah et al. (7 ) demonstrates that this can occur.
Detection and Monitoring of SARS Coronavirus in the
Severe acute respiratory syndrome (SARS) is a newly emerged infectious disease, and a novel SARS-associated coronavirus (CoV) has been identified as a causative agent (1) (2) (3) . Reliable and sensitive determination of the SARS CoV load would aid in the early identification of infected individuals, provide guidance for treatment (especially the use of steroid hormones and antiviral agents), and aid in monitoring of a patient's clinical course and outcome.
Among the available tests, viral gene amplification by reverse transcription-PCR (RT-PCR) provides a relatively rapid and specific test for the diagnosis of individuals showing SARS-associated symptoms (4, 5 ) . RT-PCR was successfully used to detect SARS CoV in nasopharyngeal aspirates, nasopharyngeal swabs, throat swabs, and broncheoalveolar lavage of SARS patients (6, 7 ) . However, because the composition of these samples varies with time and among individuals, they are unlikely to serve as a standardized sample source for quantification, comparison, or monitoring of SARS CoV infection. To meet clinical needs, some improved RT-PCR methods have been developed, and plasma has been used as a sample source (8 -10 ) . The consistency of plasma composition makes it a good sample source for monitoring the CoV load.
CoV-enriched samples are critical for achieving a high detection rate. Current methods have a limited detection window, largely because they do not fully utilize the CoV viral RNA in the sample. Because of its high false-Clinical Chemistry 50, No. 7, 2004 negative rate, the current method is unable to definitively rule out SARS within days after onset (11 ) . An increase in viral RNA input could enhance the chance of detecting CoV (12 ) .
The input to PCR can be increased by reducing the loss of CoV during sample preparation (8, 12 ) or by increasing the amount of prepared CoV RNA and cDNA product used in the final PCR amplification. A high input of CoV sample may increase the detection rate. Guided by this concept, we made the following modifications to a previously reported real-time quantitative RT-PCR for CoV (5 ): (a) instead of using a RNA capture column, we used Trizol to extract total RNA to increase the yield of CoV from samples; (b) instead of using 20 -50% of the total obtained CoV RNA for the reverse transcription step, we dried the whole Trizol-extracted CoV RNA sample, dis- (A), we obtained 200 L of plasma from each of 44 SARS patients at different phases of the disease, extracted the RNA, and subjected it to real-time RT-PCR to determine the number of SARS CoV copies. The mean (SD) copy numbers were 8951 (19 393), 562 (842), and 559 (386) copies of CoV for days 1-7, days 13-36, and days 79 -91 after fever onset, respectively. The horizontal bar indicates the mean copy number for each sample. The differences between time after onset of disease were significant: P Ͻ0.004 for days 1-7 vs days 13-36; P Ͻ0.035 for days 1-7 vs days 79 -91; and P Ͻ0.42 for days 13-36 vs days 79 -91 (Mann-Whitney test). (B) CoV viral loads in plasma from SARS patients were determined during the patients' hospitalization. The patterns were different. The viral concentrations in most of the patients decreased rapidly (see Patient A as an example), whereas in some patients the concentrations remained persistently high (see Patient B as an example). (C and D), CoV concentrations in 1 ϫ 10 6 lymphocytes (f) and 0.2 mL of plasma (u) from each of five patients during days 1-7 after fever onset (C) or from five patients during recovery (D) were determined with our modified method. In each case, the CoV concentration in the lymphocytes was significantly higher than the concentration in plasma (P Ͻ0.001, t-test).
solved it in the reverse transcription reaction mixture, and used it for the reverse transcription step; (c) instead of taking 10% of the reverse transcription product for PCR amplification, we used 50% of the reverse transcription product. In addition, to ensure efficient nested annealing of PCR primers, we performed reverse transcription with the CoV sequence-specific primer that extends 5 nucleotides beyond the PCR primer sequence. By making these modifications, we were able to achieve a detection rate of 80% as determined by testing of 116 samples from 44 SARS patients admitted to our hospital and diagnosed according to the WHO definition for SARS during the outbreak from March to June 2003. Among them, 28 were male and 16 were female, ages 10 -74 years, with a mean age of 28 years. The patients were aware of and willing to participate in this test. For a more detailed description of the patients and methods, please see the Data Supplement that accompanies the online version of this Technical Brief at http://www.clinchem.org/content/vol50/issue7/. In addition, there were no false positives detected by our method, as assessed with samples from patients infected with other viruses. Furthermore, when plasma from a SARS patient was tested four times, it yielded a mean of CoV load of 3185 copies/0.2 mL of plasma with a an interassay CV of 10%.
Our main goal in establishing this method was to monitor CoV load during the clinical course. We first examined the CoV load in 44 SARS patients at different SARS stages, classified into three groups: group 1, days 1-7 after fever onset (n ϭ 17 patients); group 2, days 13-39 after fever onset (n ϭ 18 patients); and group 3, days 79 -91 after fever onset (n ϭ 9 patients). The data (Fig. 1A) indicated that the mean CoV copy number in patients during days 1-7 after fever onset (group 1) was 8951/0.2 mL of plasma and that 15 of 17 (88%) patients had a CoV load substantially Ͼ100 copies, which could be easily detected by our modified method. In patients beyond 13 days after onset (groups 2 and 3), the mean CoV copy number decreased dramatically, to ϳ550 in 0.2 mL of plasma. These data imply the following. (a) The peak shedding of CoV corresponds to the peak course of SARS, when the virus has the highest transmission potential, consistent with the epidemiologic data. (b) The residual SARS CoV may persist in a patient's circulation for a relatively long time without obvious effects on the host. The pathophysiologic significance of a detectable residual CoV load lasting up to 2-3 months is not clear, and attention should be paid to this phenomenon. (c) In the development of SARS tests, it is important to take into account the timing of sample collection in the evaluation of the sensitivity and detection rate. (d) Finally, if a procedure cannot detect abundant CoV in the first-week sample, then it is unlikely to be effective for early diagnosis, monitoring of the therapeutic effect, or detecting subclinical SARS CoV infection. Our improved method can detect the presence of a few copies of CoV and has a high detection rate for first-week samples. Notably, the number of CoV copies detected in acute-phase patients (days 1-7 after fever onset) by our method is much higher than the values reported elsewhere (9 ) . This may attributable to differences in the severity of patients' infections and to differences in sample input at three steps: CoV mRNA extraction, CoV cDNA production, and PCR amplification. A small difference in sample input at each step could lead to a large difference in the final CoV copy number because of amplification of enzyme reactions.
We next tested whether our improved method could be used to monitor changes in CoV load in individual SARS patients. The method could detect the CoV load during the SARS course, as demonstrated in Fig. 1B, representa Another way to increase CoV sample input to enhance CoV detection is to use a sample that is originally enriched in CoV. Because the SARS CoV is an RNA virus, it targets cells and uses the cellular machinery to replicate itself. In addition to the epithelial cells lining the respiratory tract, which are targets of CoV, the lymphocytes are also highly likely to be targeted by CoV because lymphopenia occurs in almost all SARS patients (13) (14) (15) . We therefore separated lymphocytes from 1 mL of blood with Ficoll, extracted the total RNA from 1 ϫ 10 6 of the lymphocytes, and used the recovered RNA in our modified quantitative method for CoV. Although lymphocytes and plasma from 20 healthy individuals and 20 patients with influenza or other viral infections (e.g., mumps and rubella) had no detectable CoV, a high concentration of CoV was found in 1 ϫ 10 6 lymphocytes from 5 patients tested 1-7 days after fever onset and 5 patients who were recovering from SARS, which was one to four orders of magnitude higher than the concentration measured in 0.2 mL of plasma from the same patients (Fig. 1, C and D) . This finding provides evidence that lymphocytes are a target or reservoir for SARS CoV and that they are a better sample source than plasma for detecting SARS CoV.
In conclusion, we believe that the use of lymphocytes, which are highly enriched in CoV, and of a standardized simple Ficoll separation make the proposed method suitable for detecting and monitoring SARS-CoV.
Potential Utility of Ret-Y in the Diagnosis of Iron-Restricted Erythropoiesis, Susanne Franck, Jo Linssen,
Maren Messinger, and Lothar Thomas * (Department of Laboratory Medicine, Krankenhaus Nordwest, Frankfurt/ Main, Germany; * address correspondence to this author at: Krankenhaus Nordwest, Laboratoriumsmedizin, Steinbacher Hohl 2-26, 60488 Frankfurt, Germany; fax 69-78-73-40, e-mail th-books@t-online.de) Diagnosis of iron deficiency (ID) or functional iron deficiency (FID) is particularly challenging in patients with acute or chronic inflammatory conditions because most biochemical markers for iron metabolism are affected by the acute-phase response (APR) (1 ) . The hemoglobin content of reticulocytes (CHr) is an early and sensitive indicator of FID (2 ) . Recently, we presented a novel approach to provide insights into the diagnosis of FID in APR by use of the CHr (3 ). ID and FID were defined as a CHr Ͻ28 pg based on the distribution of CHr and biochemical markers of iron status in healthy controls. When a CHr Ͻ28 pg was used for identification of ID and FID in anemic patients, the values of ferritin, soluble transferrin receptor (sTfR), and the sTfR-F index (sTfR/ log ferritin) (4 ) performed significantly better in patients without APR [based on a C-reactive protein (CRP) cutoff of 5 mg/L]. In ID combined with inflammation, the cutoff value for the sTfR-F index was 0.8, and in simple ID, it was 1.5. A diagnostic plot was developed that combined CHr and sTfR-F index, which allowed identification of four major categories of ID: (a) iron repletion, normal erythropoiesis; (b) patients with reduced iron supply, but not yet in an iron-deficient erythropoietic state; (c) depletion of storage and functional iron with decreased hemoglobinization of erythrocytes, classic ID; and (d) FID in an iron-replete state, with decreased hemoglobinization of erythrocytes. The plot provided a useful approach to the diagnosis of iron-deficient states.
To date, the measurement of reticulocyte hemoglobin has been restricted to the analyzers of a single manufacturer. Now a second manufacturer has produced what would appear to be a comparable index, the so-called RET-Y (5, 6 ) generated by the Sysmex XE-2100 analyzer. The RET-Y is the mean value of the forward-scatteredlight histogram within the reticulocyte population. A corresponding value, the RBC-Y, is the mean value of the forward-scattered-light histogram within the mature erythrocyte population. Preliminary studies (see below) have demonstrated a good correlation between RBC-Y and mean cell hemoglobin (MCH), better, in fact, than with mean cell volume (MCV). A mathematical transformation applied to RBC-Y can therefore produce a hemoglobin equivalent for erythrocytes (RBC-H e ) expressed in picograms. Applying the same transformation to the RET-Y gives a reticulocyte hemoglobin equivalent expressed in picograms. An appropriate name for this index would be reticulocyte hemoglobin equivalent (RET-H e ). The objectives of this study were twofold: (a) to establish the diagnostic equivalence of the RET-Y (RET-H e ) with the CHr; and (b) to describe its clinical assessment in the diagnostic plot combining the RET-Y with the sTfR-F index as a tool for the diagnosis and therapeutic monitoring of iron-restricted erythropoiesis.
During a 6-month period, we studied 474 adult anemic patients (221 men and 253 women) with hemoglobin Ͻ140 g/L for men and Ͻ120 g/L for women. Specimens were collected for complete blood cell count, CHr, Ret-Y, sTfR, ferritin, and CRP within 24 h of admission. The patient diagnoses included 162 cancer-related anemias, 142 anemias of end-stage renal failure, 49 anemias of inflammatory disorders, 34 anemias of pregnancy, and 87 anemias of heterogeneous origin.
Blood counts were performed with the Advia 120 (Bayer Diagnostics) and Sysmex XE-2100 (Sysmex Corporation) automated hematology analyzers. In the reticulocyte channel of the Sysmex XE-2100, the sample, stained by a polymethine dye specific for RNA/DNA, is analyzed by flow cytometry by use of a semiconductor laser. A two-dimensional distribution of forward-scattered light and fluorescence is presented as a scattergram indicating mature erythrocytes and reticulocytes. Ret-Y is the mean value of the forward-scattered-light histogram of the
